Abstract. Phytohormones play a key role in plant growth and development. The process of plant's perception and response to abiotic and biotic stresses is controlled mainly by the phytohormones which act as an endogenous messenger in the regulation of the plant's status. They can be activated by different signaling pathways in response to environmental stresses. Plants respond to environmental stress through interaction of transcription factors with a handful of cis-regulatory elements (CREs). Some examples of cis elements include abscisic acid-responsive element (ABRE), G-box (CACGTG) element, and W-box. In order to investigate the effects of different hormonal stresses which have a key role in response to biotic and abiotic stresses in rice, microarray data was used. Of the available data, 931 genes revealed significant differences in response to different hormonal stresses such as auxin, cytokinin, abcisic acid, ethylene, salicylic acid, and jasmonic acid. The present results showed that 388 genes were up-regulated, and 543 genes were down-regulated. Most of the genes were up-regulated in response to Indole-3-acetic acid (IAA) hormone. Genes Ontology analysis revealed that they respond to various hormones involved in auxin-responsive genes, auxin-activated signaling pathway and cellular responses to environmental stimuli. G-box had the highest number of cis elements involved in hormonal stress and was regulated by auxin signaling and various stresses. Dehydrin was the only gene up-regulated in response to the six hormones. This gene can be activated in response to abiotic and biotic stresses. As such, dehydrin gene can be used in crop breeding programs to increase tolerance to different environmental stresses in various plant species.
INTRODUCTION
Plants are exposed to many abiotic and biotic stresses during the course of life (Jung et al., 2008) . Plants use phytohormones which are important regulatory elements involved in response to different conditions such as stress, defense, and adaptation (Nemhauser et al., 2006) .
When plants are exposed to external stimuli such as pathogen and insect attack, drought, and salt stress, hormonal signal transduction pathways are induced which in turn cause changes study the regulation of gene expression in response to different stresses (Rabbani et al., 2003; Yazaki et al., 2003) . Based on previous research performed, auxin and abscisic acid are the most important phytohormones in response to different hormonal stresses (Uddin and Singh, 2017) . ABA has an important factor in the response of plants to abiotic stresses. Thousands of phytohormones-regulated genes are activated in response to hormonal, abiotic and biotic stresses (Depuydt and Hardtke, 2011) . Numerous number of hormone-responsive genes with differential expression have been detected, offering a cross-talk between hormone and abiotic stress signaling (Garg et al., 2012) .
Among up-regulated genes, genes involved in flavonoid biosynthesis are key roles in response to stresses. Auxins influence flavonoid biosynthesis and the reduction of flavonoid levels leads to IAA transport in plant. Flavonoid biosynthesis is related to the biosynthesis of aromatic compounds such as tryptophan, which is a precursor for auxin (Li and Zachgo, 2013) . Analysis of gene expression profiling increase understanding to the biological pathways that one might wish to derive (Garber et al., 2001 ). There is a requirement for more insights of transcriptional responses of plant hormone under stresses, that extensive crosstalk and signal integration has been uncovered (Sharoni et al., 2012) . High-throughput technique such as microarray has been extensively used for evaluation of plant expression profile under stress conditions (Lenka et al., 2011) . Microarray data has been used to survey gene expression patterns providing new dimensions in gene expression related to growth and development (Cramer et al., 2011) .
In the current study, microarray data was used to survey gene expression patterns on six hormones in rice. Interaction between cis regulatory elements and transcription factors forms transcriptional regulation network. This network can regulate gene-controlling morphogenesis, development of anatomy, and other aspects of developmental biology and hormone responses (Sato et al., 2012; Smita et al., 2011; Wilmoth et al., 2005) . Gene network can detect relationships between genes and transcription factors, also co-expression genes (Wilmoth et al., 2005) .
Different reporters have shown that coexpressed genes are involved in a common biological pathway and cellular processes, plant growth, and reproduction (Michalak et al.,2008; Koç et al.,2018) . Integration of data with promoter structure in plants shows that promoters of coexpressed genes induced a common cis-regulatory elements (CAREs) (Reiss et al. 2006; Werner 2001) . CAREs functions were predominantly associated with light response, hormonal regulation and stress response and were detected in the upstream of DGEs under drought and salinity stress conditions in rice (Shariatipour et al., 2018) . Most of cis elements expressed in response to abiotic, biotic, and hormonal stresses can be suggested to be the ABA responsive elements (ABREs), also termed as G-box, with promoters of the hormonal responsive genes (Ross and Shen 2006). The hormonal regulatory elements such as Methyl jasmonate (MeJA), Ethylene (ET) and abscisic acid (ABA) were responsible for activation of ABRE, P-box, and TGACG-motif elements. These motifs are present in majority of DGEs under drought stress conditions (Shariatipour et al., 2018) . This work aimed to characterize cis elements related to responsive genes in Oryza sativa under hormonal stress.
MATERIALS AND METHODS
Microarray data related to the expression patterns of hormonal stresses response of rice (Oryza sativa subspecies indica variety IR64) (GSE37557) was retrieved from NCBI GEO database (www.ncbi. nlm.nih.gov/geo/). In this study, microarray data required for control and stress conditions were collected from 16 samples in water (control) and in a 50 µM solution of IAA and BAP and 100 µM solution of ABA, ACC, SA and JA for 3 h (treatment) with 2 biological replications from gene bank (http://www.ncbi.nlm.nih.gov/gds). Analysis of data was performed using fold change which is based on log2ratio, followed by normalizing the data (the ratio expression of the genes examined under hormonal stress to control) and selected by P-value <0.05 as the statistical significance (Mehdizadeh et al., 2013) . T-test was used to calculate the p-value of the expression change of each probe, and differentially expressed genes (DEGs) were detected using the Affy package (Gautier et al., 2004) . DEGs with p-values <0.05 and log fold-change values ≥2 and ≤-2 were selected for genes. The filtered data with DEGs >2 was considered as up-regulated genes and DEGs<-2 were determined to be down regulated. Up-regulated and down-regulated genes in response to hormonal stress are shown in table 2. Probe sets were mapped to MSU Rice Genome Annotation Project gene set (release 6.1). Heatmap of DEGs was performed by package graphics to represent differential expression. To convert probe set to ID genes, DAVID sites (https://david.ncifcrf.gov) was used. One-way ANOVA showed significantly different genes among the studied genotypes at a five percent significance level. In addition, the corrected P-value of Benjamin-Hookberg allowed a more stringent selection of up-regulated genes showing less than five percent significance level.
To obtain the possibility functions of hormoneresponsive genes, their annotation was taken from the rice genome database (http://rice. plantbiology.msu.edu/). Gene ontology was performed on biological pathways of genes using Gene Ontology Enrichment Analysis Software Toolkit (Yazaki et al., 2003) . STRING 10.0 (http://string-db.org/) was done for identifying co-expression genes and drawing the genes network (Szklarczyk et al., 2017) . In order to predict the cis regulatory elements, genes promoter analysis for each gene was obtained from PlantCARE; database (Lescot et al., 2002) (http://bioinformatics.psb.ugent.be/webtools/p lantcare/html/).
RESULTS AND DISCUSSION
Differentially-expressed gene in response to hormonal stresses. According to microarray data in different hormonal stress conditions, the genes are up-regulated and down-regulated in response to IAA and ethylene, respectively (Fig.  1) . The data were based on p-value > 0.05 and the threshold of 2 by which a total of 931 genes were induced. A set of 388 up-regulated and 543 downregulated genes were detected in response to different hormonal stresses. Results of clustering of expressed genes showed that almost all genes were up-regulated in response to IAA (Table 1) .
Therefore, it can be suggested that auxin may be involved with other hormones and can be a main component in regulation of reactions to environmental stresses. Similar to previous studies, several auxin-responsive genes are regulated by biotic and abiotic stresses (Ghanashyam et al., 2009) . It was shown that IAA levels significantly increased in response to pathogen infection (O'Brien and Benková, 2013) . Among six hormones evaluated, analysis of phytohormones transcriptome showed that auxin and ABA were the most important hormones induced under abiotic and biotic stresses (OhmeTakagi and Shinshi, 1995) . (Sato et al., 2002) . Cytochrome P450 genes are engaged in biosynthesis of brassinosteroids and their metabolism have been shown to be up-regulated by auxin (Fujioka and Yokota, 2003) . CYP72A1 gene is involved in brassinosteroids inactivation and regulation of BRs homeostasis (Fujioka and Yokota, 2003) . Findings revealed that cytochrome P450 is the main component in the synthesis and degradation of external steroid hormones as a monoxygenase (Chapple, 1998) . Recently, ARF genes have extensively been investigated using molecular and bioinformatics analysis (Spartz et al., 2014) . ARF19 gene acts redundantly in reining leaf expansion and lateral root growth (Wang et al., 2007) . OsIAAs gene family is induced in response to different hormonal stresses. Many auxinresponsive genes are responsive to at least two or more hormones. Similar findings indicated that OsIAA genes play a key role in particular growth stages or are involved in specific stress or hormones (Hagen and Guilfoyle, 2002; Jain et al., 2007; Greenham and McClung, 2015) . Similar results revealed that the four OsIAA1 genes were increased by >2.5-fold in response to auxin, suggesting that many of the OsIAA genes are auxin activated (Greenham and McClung, 2015; Hagen and Guilfoyle, 2002) . According to a previous study, OsIAA genes were also expressed in response to six different hormonal treatments and other stresses (Hagen and Guilfoyle, 2002) . Furthermore, several auxin-response gene families (Aux/IAA and ARF) showed differentially-expressed genes under various hormonal stress situations (Jain et al., 2007) . IAA genes code for short-lived proteins that are main components in cell growth (Song et al., 2009 ). The glutation S-transferse (GSTs) and cytochrome P450 genes exhibited, in most cases, increased expression in response to different environmental stresses (Fig. 2) . OsGSTU6 gene was expressed by different environmental stresses and OsGSTU35 gene was induced by biotic stresses (Jain et al., 2007) . Gene ontology enrichment analysis. Gene ontology at three levels of cellular components, molecular function, and biological processes is presented in Table 2 . The nucleus, membranebound organelles and intracellular organelle were related to cellular components and that the molecular function was associated with catalytic activity, glutathione transferase activity and binding. Gene ontology of biological processes includes response to hormone, response to auxin and auxin-activated signaling pathway in rice (Table 2) . Similar researches have shown that most of genes are involved in response to environmental stresses and are related to auxin signaling . Up-regulated gene in response to different hormonal stress. Analysis of microarray data showed that only dehydrin gene expression increased in response to the six hormones used. It has been reported that dehydrin expression may be corresponding with hormonal regulation under cold acclimation (Zhang et al., 2017) . As a result, dehydrin gene may be produced in response to other stresses, such as salinity, cold and drought. A report showed that expression of dehydrins in seeds undergoing a maturation drying has to be contsidered as a direct response to drought stress. OsDHN1 gene belongs to acidic dehydrin family (Kleinwächter et al., 2014) . Dehydrin genes are the main component in membrane hardening and osmotic regulation. Moreover, dehydrin is the key element in drought tolerance of seeds (Hanana et al., 2014) . Previous report has shown that OsDHN1 gene is overexpressed in rice, hence confirmed its high tolerance to abiotic stresses (Kumar et al., 2014) . In wheat, this gene is expressed in response to ABA (Koike et al., 1997) .
Dehydrin genes were up-regulated by many phytohormones, indicating the involvement in ABA dependent pathways (Allagulova et al., 2003) .
Cis-regulatory elements analysis. Cis regulatory elements detected in the 1000-bp upper region are presented in Figure 3 . Cis-regulatory components in the promoter sequences provided a good understanding of plant responses under hormonal stress conditions. Gene promoter analysis revealed that TATA-box and CAAT-box were present in majority of promoter regions of genes. In the present study, many light-responsive components were revealed in the promoter sequence of all genes from rice, including ACE, Box-W1, CATT motif, G box, GC motif, Skn1_motif, and TCT motif. The presence of circadian in many of studied genes causes plant to respond appropriately to cellular processes such as physiological processes, plant growth and reproduction. Additionally, cis regulatory elements (G-box, Circardian, and TGACG-motif) expressed in response to hormonal stress. Other cis-elements (box E and Box-W1) are induced in response to pathogens such as fungi (Jain et al., 2007) . Skn-1 motifs regulate specific expression pattern of endosperm and CAT-box, specifically expressed in the meristem region.
The G-box provides binding sites for specific bZIP proteins and this cis-element are regulated to environmental stresses such as UV light, ABA, red light and injuries (Ciarmiello et al., 2011; Saidi and Hajibarat, 2018) . It has been reported that Gbox motif related to photosynthesis, hormone (ethylene and ABA) metabolism, and stress responses was common in grapevine and Arabidopsis (Ma et al., 2013) .
Our results showed that various regulatory elements are involved in salicylic acid (W boxes) which are expressed in response to hormonal stresses. W-boxes are the main components of binding site for WRKY transcription factors and play a key role in activating transcription of auxins, salicylic acid, and light. This finding is also reported by other studies (Liu et al., 2016; Park et al., 2004) . P-box is responsive to gibberellin, TCAelement to salicylic acid, and TGACG-motif are involved in methyl jasmonate which agrees with the results obtained by other researchers as reported by Kaur et al. (2017) . TGACG motif is involved in methyl jasmonate response affecting biological processes like response to abiotic and biotic stresses. MBS is activated in response to low temperature, drought and salinity stress (Jaspers et al., 2009) . 
CONCLUSION
Phytohormones are key elements in growth processes and development, as well as mediators in response to different environmental stresses. Our findings showed that the responsive genes were expressed in response to six hormones at seedling stage in rice, but the most detected genes up-regulated are in response to auxin hormone. The present study can provide a comprehensive understanding of hormonal cross-talk in plant development and stress responses. G-box was the most abundant among the cis-regulatory elements and was regulated in response to auxin and different stresses. This cis-element, a sequence-specific protein-binding site, has an interaction with transcription factors such as bZIP and dehydrin gene network. The interaction between genes and transcription factors lead to the formation of gene network. Overall, insight of relationships among these components can help researchers to engineer plants resistant to stress conditions.
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